INTRODUCTION
============

Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by impaired verbal and nonverbal communication skills, restricted social interaction, and repetitive or stereotyped behavioral characteristics. Studies are increasingly focusing on cellular changes such as modulation of the immune response, particularly caused by genetic-environmental interaction \[[@b1-pi-2017-05-31-2]\]. There is a consensus that the deviations in brain development in ASD are due to the with multiple mechanisms including immune dysfunction \[[@b2-pi-2017-05-31-2]\]. Immune system abnormalities such as irregularities in cytokine signaling are observed in ASD. Inflammation in brain tissue has been reported in post-mortem brain samples from individuals with ASD \[[@b3-pi-2017-05-31-2]\].

Chemokines regulate cell migration through receptors, as well as immunological responses, inflammation and infection. They also play an important role in the immune system. SDF1, a chemokine also known as CXCL12, has functions including T and B cell functions, and CD34+stem cell migration. The receptor of SDF1 is CXCR4 \[[@b4-pi-2017-05-31-2]\]. Chemokines provide binding and signal transduction to target cells via G protein receptors \[[@b5-pi-2017-05-31-2]\]. They also play an important role in the central nervous system and affect brain functions in harmony with the neurotransmitter and neuropeptide system \[[@b6-pi-2017-05-31-2]\]. SDF1/CXCR4 interaction is required for normal integration of the cerebral cortex \[[@b7-pi-2017-05-31-2]\]. SDF-1/CXCR4 has been shown in many areas within the central nervous system, such as astrocytes, neurons and microglia \[[@b8-pi-2017-05-31-2]\]. Death in the perinatal period was reported in mice lacking SDF1 in one study \[[@b9-pi-2017-05-31-2]\]. Another study investigating chemokine profile and ASD associations reported greater impairment of non-verbal cognitive ability and language comprehension skills in children with neonatal IL-4 elevation compared to a control group \[[@b10-pi-2017-05-31-2]\]. Elevated monocyte chemotactic protein-1 (MCP-1) and decreased Regulated upon Activation Normal T-Cell Expressed and Secreted (RANTES) levels were determined in the ASD cases compared to the control group \[[@b11-pi-2017-05-31-2]\]. In another study in which CXCR4 was experimentally excluded, mice exhibited stereotyped behaviors similar to ASD \[[@b12-pi-2017-05-31-2]\].

Genetic studies have revealed that ASD does not originate from a single cause. Different genetic disorders are known to cause the characteristic ASD phenotype through similar mechanisms \[[@b13-pi-2017-05-31-2]\]. IL1RAPL1 gene mutation encoding a protein affecting the interleukin-1 receptor that regulates cytokine activity has been associated with ASD \[[@b14-pi-2017-05-31-2]\]. A decreased 22q11.2 gene level disrupts the migration and positioning of neurons in the brain via CXCR4 \[[@b15-pi-2017-05-31-2]\]. Recently several study findings have pointed out the effects of single nucleotide polymorphisms (SNPs) in the etiology of several diseases. A SNP, *CXCL12-G801A* polymorphism, which increases SDF1 expression at position 801 (G to A) in the 3'-untranslated region (3'UTR) of *SDF1*, has been described \[[@b16-pi-2017-05-31-2]\]. CXCR4 is located on chromosome 2q2. SNP rs2228014 (C/T) was found at codon 138 \[[@b17-pi-2017-05-31-2]\]. This reveals that chemokines and chemokine-related genetic disorders may be involved in ASD. The aim of this study was to investigate the role of *SDF-1* and *CXCR4* gene polymorphism in the development of ASD.

Methods
=======

Study population
----------------

The study group was selected from patients diagnosed with ASD at the Istanbul University Medical Faculty Department of Child and Adolescent Psychiatry, Turkey. Children diagnosed with ASD and aged 2--18 were included in the study together with their biological parents to ensure that participation was voluntary. Informed consent was obtained from all participants. One hundred one children and their biological parents were enrolled. All participants were evaluated using an information form. Patients also underwent psychiatric evaluation using DSM-IV and CARS. Blood samples from patients and their parents were classified in our clinic and sent to the Department of Molecular Medicine of the Istanbul University Institute for Experimental Medicine, where DNA was obtained within one working day at the latest.

The registration number of the study is 2012/1502-1229 and the approval of the Ethics Committee was taken on 12.10.2012.

Polymorphism analysis
---------------------

Genomic DNA was obtained from patients and parents using standard salting-out techniques. Following isolation of DNA samples, the polymerase chain reaction (PCR) was performed with suitable primers and conditions ([Table 1](#t1-pi-2017-05-31-2){ref-type="table"}). PCR products were digested with an appropriate enzyme at 37℃ by restriction fragment length polymorphism (RFLP) analysis. The Bccl enzyme was used in the digestion of *CXCR4 C-138T* under conditions of 37℃ and a 2-hour incubation period. PvuII was used for SDF1 3'A under conditions of 37℃ and an overnight incubation period. The digested products were analyzed on 3% agarose gel stained with ethidium bromide. 236 bp, 133 and 103 bp bands were evaluated for *CXCR4 C-138T* ([Figure 1](#f1-pi-2017-05-31-2){ref-type="fig"}). 302 bp, 201 and 101 bp were also evaluated for SDF1 3'A ([Figure 2](#f2-pi-2017-05-31-2){ref-type="fig"}).

Statistical analysis
--------------------

SNPs were obtained from genetic material from the study participants. All data were analyzed on the Number Cruncher Statistical System NCSS 2007 (NCSS LLC, Kaysville, UT, USA). Allelic and genotypic distributions of trios were tested using transmission disequilibrium test (TDT) and haplotype relative risk (HRR).

Results
=======

The study consisted of a total of 303 participants, including 101 children with OSB, 16 female and 85 male, and their biological parents. The children's ages ranged from 3 to 18 years, with an average of 9.86. Kinship between parents was present in 19 cases and absent in 82. Comorbid psychiatric pathology was present in 67 (66.3%) children, while no comorbidities were identified in 34 (33.7%). When the children in the study were evaluated in terms of IQ scores, normal IQ values were determined in 7 (6.9%), borderline mental capacity in 8 (7.9%), mild mental retardation in 30 (29.7%), moderate mental retardation in 34 (33.7%), severe mental retardation in 20 (19.8%) and profound mental retardation in 2 (2.0%) patients. Constructed CARS values were calculated as a minimum of 30 and a maximum of 54.5 points, the average CARS score being 38.995.

*CXCR4* evaluations were performed with 88 cases and the parents of these. TDT evaluation was performed only with data obtained from heterozygous parents (n=23). In 17 cases, the C allele was both transmitted and non-transmitted. In 16 cases, C transmitted, while T was non-transmitted. In 10 cases, T was transmitted and C was non-transmitted, while in 3 cases, T was both transmitted and non-transmitted. The TDT test was used to determine whether the proportions of C transmitted T nontransmitted cases and T transmitted C non-transmitted cases were equal. Based on that evaluation, the assumption of equality was not rejected (χ^2^=1.385, p=0.239) ([Table 2](#t2-pi-2017-05-31-2){ref-type="table"}).

According to the calculations performed with 88 cases, the HRR value for the C allele was determined at 1.037, but the analysis was statistically insignificant \[HRR (95% CI)=1.037 (0.450--2.387), χ^2^=0.007, p=0.933\]. The HRR value for the T-allele was 0.965, but the analysis was also statistically insignificant \[HRR (95% CI)=0.965 (0.419--2.221), χ^2^=1.219, p=0.270\].

*SDF* evaluations were performed with 101 cases and the parents thereof. TDT evaluation was performed only with data obtained from heterozygous parents (n=56). In 3 cases, the A allele was both transmitted and non-transmitted. In 34 cases, A was transmitted and G was non-transmitted. In 34 cases, G was transmitted and A was non-transmitted, while in 41 cases, G was both transmitted and non-transmitted. The TDT test was used to determine whether the proportions of A transmitted G non-transmitted cases and G transmitted A non-transmitted cases were equal. Based on that evaluation, the assumption of equality was not rejected (χ^2^=0, p=0.999) ([Table 3](#t3-pi-2017-05-31-2){ref-type="table"}).

According to calculation made with all 101 cases, the HRR value for the A allele was 0.701, but the analysis was statistically insignificant \[HRR (95% CI)=0.701 (0.372--1.319), χ^2^=1.219, p=0.270\]. The HRR value for the G allele was 1.427, but the analysis was also statistically insignificant \[HRR (95% CI)=1.427 (0.758--2.686), χ^2^=1.219, p=0.270\].

Discussion
==========

Previous studies have evaluated the role of chemokines and chemokine receptors in psychiatric diseases, but none have involved ASD-associated *SDF-1/CXCR4* gene polymorphism. To the best of our knowledge, this is the first study of *SDF-1 G801→A* (also known as *SDF-1 3'A*) and *CXCR4 C138→T* polymorphism in ASD.

Numerous studies have investigated the presence and function of chemokines in the central nervous system. SDF1 and its receptor CXCR4 also function outside the immune system, and defects are seen in various organs, including cerebellar development, when these are deficient \[[@b18-pi-2017-05-31-2]\]. Chemokines and their receptors are known to contribute to homeostasis in the brain \[[@b19-pi-2017-05-31-2]\]. Experiments with rats have shown the presence of genes encoding CXCR4 in cells and tissues of the central nervous system \[[@b20-pi-2017-05-31-2]\]. Chemokines and receptors have been shown to play an important role in nervous system damage \[[@b21-pi-2017-05-31-2]\]. Chemokines are also involved in cell migration during embryological development. Animals in which CXCR4 was not active died shortly after birth and exhibited hematopoietic and neurological defects. SDF-1/CXCR-4 interaction has been shown to be involved in regulating neuronal cell migration \[[@b22-pi-2017-05-31-2]\]. Neural stem/progenitor cells excrete chemokine receptors. Neuronal stem cell migration has been shown to be impaired by blocking chemokines and ligands that are detected in the brain \[[@b23-pi-2017-05-31-2]\]. CXCR4 positive neural progenitor cells have been associated with neurodevelopment and neuroplasticity in bipolar disorder \[[@b24-pi-2017-05-31-2]\]. These studies provide strong evidence for the relationship between chemokines and the central nervous system, and it appears that chemokines play an important role in this.

Studies of the immune system in ASD indicate that many immunological markers may be associated with autism. Immune system anomalies such as increased autoimmunity or decreased immunity have been reported in children with ASD. The hypothesis of immune system disorders in ASD is based on the known role of the immune system in early neurodevelopment and the effect of these impairments on behavior patterns \[[@b25-pi-2017-05-31-2]\]. One study investigating immunological determinants in high-functioning autistics reported significantly higher IL-1beta, IL-1RA, IL-5, IL-8, IL-12 (p70), IL-13, IL-17, and GROalpha plasma concentrations compared to a control group \[[@b26-pi-2017-05-31-2]\]. Altered cell-mediated immunity may also be expected to play a role in the early neonatal period in ASD. It has been suggested that high levels of MCP-1 in the amniotic fluid constitute a high risk for ASD and that MCP-1 may be involved in the pathophysiology of ASD. Reduced levels of RANTES in newborn blood samples have been found to be associated with the development of ASD in later life \[[@b27-pi-2017-05-31-2]\]. In a study of children with ASD by Ashwood et al. \[[@b28-pi-2017-05-31-2]\], increased chemokine production was found to be associated with high abnormal behavior scores and impaired developmental and adaptive functions. Studies that we have reviewed report that immunological changes associated with chemokines contribute to the risk of developing ASD and affect behavior patterns.

Genetic studies have increased in recent years, and many genetic variants have been associated with diseases. There have been many studies of *SDF1* and *CXCR4* gene polymorphisms. SDF1-3'A gene polymorphism has been linked to the progression of prostate cancer and bone metastasis \[[@b29-pi-2017-05-31-2]\]. *SDF1* and *CXCR4* polymorphisms have also been shown to have a significant association with susceptibility and prognosis for some types of lung cancer \[[@b30-pi-2017-05-31-2]\]. *SDF1* gene polymorphism has been associated with age at onset of type 1 diabetes \[[@b31-pi-2017-05-31-2]\]. While SDF1 and *CXCR4* gene polymorphisms have not been studied in psychiatric disorders, many other genetic variation studies have reported that many single nucleotide polymorphisms are related to psychiatric disorders. Many SNP studies have been performed in the context of ASD. Some studies have reported that SNPs are directly related to the etiology of ASD, while others have associated them with findings and symptom severity seen in ASD \[[@b32-pi-2017-05-31-2]-[@b34-pi-2017-05-31-2]\]. In a study investigating variations in copy number and linkage analysis in autism, chemokine pathways and developmental pathways were identified as two similar molecular themes in two independent genome-scale measurements \[[@b35-pi-2017-05-31-2]\], Studies focusing on candidate genes have shown that several genes associated with neuronal synaptic function play a role in the development of ASD. Some single-nucleotide polymorphisms (SNP) associated with ASD have been identified in linkage studies \[[@b36-pi-2017-05-31-2]\]. In one study, SNPs, which may be associated with language delay in ASD, were identified on chromosome 11 and assessed using TDT \[[@b37-pi-2017-05-31-2]\]. Genetic mechanisms may play a role in the regulation of the immune system, and some studies have suggested that immunomodulatory genes in chromosome 6 may be linked to autism \[[@b38-pi-2017-05-31-2]\]. One study conducted with TDT showed that *HLA-DR4* and *DR13* are associated with ASD \[[@b39-pi-2017-05-31-2]\].

The studies we investigated evaluated the relationship between ASD and SNPs using several different statistical methods. Genetic studies of this kind may have some limitations. Association samples are also prone to type 2 errors. In general, it has been suggested that negative results may occur from type 2 errors due to fewer samples being taken as needed \[[@b40-pi-2017-05-31-2]\]. Type 2 statistical errors reject the existing relationship between groups. Although there is a difference between the groups we investigate, we can still find that "there is no difference." More extensive studies should now be performed in order to confirm this. In this study, we observed no significant correlation between these two genetic polymorphisms and ASD. However, it would be useful to repeat this study with a larger sample size and using more genetic markers. More extensive studies are now needed to test the relationship between ASD and the SDF-1 and CXCR4 genes.
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![*SDF1 3'A* gene variants. A: Adenine, G:Guanine, SDF: stromal cell-derived factor, bp: Base pairs.](pi-2017-05-31-2f2){#f2-pi-2017-05-31-2}

###### 

Gene variants and primers

  Gene variant     Primers
  ---------------- ----------------------------
  *CXCR4 C-138T*   5'-AACTTCCTATGCAAGGCAGT-3'
                   5'-TATCTGTCATCTGCCTCACT-3'
  *SDF1 3'A*       5'-CAGTCAACCTGGGCAAAGCC-3'
                   5'-AGCTTTGGTCCTGAGAGTCC-3'

###### 

Test results for CXCR4

  Non-transmitted allele   *CXCR4*                                                 
  ------------------------ ------------------------------------------------------- ----
  Transmitted allele                                                               
   C                       17                                                      16
   T                       10                                                      3
  TDT results              χ^2^=1.385, p=0.239                                     
  HRR results (T)          HRR (95%CI)=0.965 (0.419--2.221), χ^2^=1.219, p=0.270   
  HRR results (C)          HRR (95%CI)=1.037 (0.450--2.387), χ^2^=0.007, p=0.933   

Statistically significant (p\<0.05). TDT: transmission disequilibrium test, HRR: haplotype relative risk, CI: confidence interval, C: Cytosine, T: Thymine, CXCR4: receptor CXC chemokine receptor-4

###### 

Test results for SDF

  Non-transmitted allele   *SDF*                                                   
  ------------------------ ------------------------------------------------------- ----
  Transmitted allele                                                               
   A                       3                                                       34
   G                       34                                                      41
  TDT results              χ^2^=0, p=0.999                                         
  HRR results (A)          HRR (95%CI)=0.701 (0.372--1.319), χ^2^=1.219, p=0.270   
  HRR results (G)          HRR (95%CI)=1.427 (0.758--2.686), χ^2^=1.219, p=0.270   

Statistically significant (p\<0.05). TDT: transmission disequilibrium test, HRR: haplotype relative risk, CI: confidence interval, A: Adenine, G: Guanine, SDF: stromal cell-derived factor
